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De crlptlon 

This invention relates to emulsion compositions of polyurethanes having active amino groups which readily react 
with a variety of reactive groups. 

5 Polyurethane resins have found extensive use as adhesives, coating materials and modifiers. In recent years, 

synthetic resins in the form of water-soluble or water-based emulsions have attracted increasing interest since resins 
prepared in a solvent system release the solvent into the atmosphere to cause environmental contamination. In the 
field of polyurethane resins, therefore, water-soluble and water-based emulsions are increasingly used for adhesives 
and coatings in place of the conventional solvent-based systems and further applications are constantly being consid- 

10 ered. In short, the application of water-based polyurethane resins is expanding and will continue to expand in the future. 
There are many known water-soluble and water-based polyurethane resin emulsions. One is an emulsion of a 
thermoreactive polyurethane of relatively low to medium molecular weight using blocked isocyanate groups. Another 
is an emulsion of a polyurethane of relatively high molecular weight, mainly comprising straight-chain molecular struc- 
tures. Such polyurethane emulsions are prepared by introducing anionic, cationic or nonionic hydrophilic groups into 

is the urethane skeleton to give the urethane resin a self -emulsifying and dispersing property, and then dispersing the 
resin in water, or by adding an emulsifier to a hydrophobic urethane resin to forcefully disperse the resin in water. 
The above polyurethane emulsions, however, suffer from the following problems: 

The thermal reaction type of polyurethane emulsions using blocked isocyanate groups form a network structure 
through thermal reaction. The resulting films have excellent solvent resistance and excellent adhesion to an adherent, 
20 such as heat-resistant adhesion. These emulsions, however, are of thermal reaction type and require a heating step. 
Processing conditions and applications may then be limited by the need for a heating facility or by the heat resistance 
of the adherent itself. Their applications are also limited by the growing tendency towards energy conservation. 

On the other hand, polyurethane emulsions mainly comprising straight-chain structures form polyurethane film 
layers upon mere drying. Hence their applications are not limited in the same way as the above thermoreactive type 
25 polyurethane emulsions, indeed, they have a wide range of applications. These polyurethane emulsions, however, 
basically have straight-chain structures and exhibit a thermoplastic property, and their performances in, for example, 
heat-stable adhesion, solvent resistance, hot water resistance and chemical resistance are inferior. 

To improve upon such disadvantages, attempts have been made to add a variety of Crosslin king agents, for in- 
stance, melamines such as trimethylol melamine, epoxys, and blocked isocyanates. As a result, some small improve- 
ments have been made, but overall performance remains generally unsatisfactory. Processing characteristics are also 
unsatisfactory; for example, the processing temperature must be higher than the cleavage temperature of the reactive 
group of the crosslinking agent. Such deficiencies in performance are mainly due to the fact that modification of the 
emulsions is limited to improvements in physical properties through entanglement like an interpenetrating polymer 
network (IPN) between the polyurethane resin and the self-polymerization product of the crosslinking agent since no 
35 functional group for reaction with the crosslinking agent is introduced into the polyurethane emulsion. 

Other proposals which have been made in this context are as follows: 

US-A-4 012 349 describes a process for preparing non-ionic polyurethane emulsions comprising chain-extending 
an isocyanate-terminated urethane prepolymer formed by reaction of a polyhydroxyi reactant having a molecular weight 
of 200 to 10,000 and a stoichiometric excess of a polyisocyanate with a polyalkylene polyamine mixing the resulting 

40 polyamine with water or reacting with a cyclic dicarboxyiic anhydride and then with water, a water-soluble polyoxyeth- 
ylene glycol comprising 15 to 80% by weight of the polyhydroxyi reactant, and the polyalkylene polyamine chain- 
extending compound having at least two primary or secondary amino groups and a functional group of the formula 
-CH(OH)-CH 2 X in which X is CI or Br. 

JP-A-49 099 194 describes the preparation of polyurethane aqueous dispersions giving coating films with good 

45 mechanical properties by reaction of an isocyanate group-containing prepolymer with an amino compound containing 
two primary amino groups and one or more secondary amino groups and with a compound containing two or more 
epoxy groups. 

EP-A-0 407 968 describes a semi-continuous process for the preparation of polyurethane ionomer or polyurethane- 
urea ionomer aqueous dispersions which comprises forming an isocyanate-terminated ionic prepolymer by contacting 
50 an aliphatic or cycloaliphatic diisocyanate or a mixture thereof with an aromatic diisocyanate, an organic polyol, and 
a difunctional isocyanate-reactive component containing an ionic group, neutralising the ionic groups, adding water to 
form an aqueous emulsion and adding a hydrocarbon polyamine extender. 

EP-A-0 552 420 describes a process in which polyurethane-urea polymers in aqueous dispersion are obtained by 
chain extending an NCO-containing prepolymer in aqueous medium. The NCO-containing prepolymer is prepared by 
55 reacting a polyisocyanate with an active hydrogen-containing compound such as a polyol and an extended aliphatic 
diamine monomer, the reaction product of which is then dispersed in water and chain extended. 

US-A-3 903 031 describes a process for the preparation of cationic polyurethane emulsions comprising chain- 
extending a urethane prepolymer having terminal isocyanate groups with a polyalkylene polyamine having at last two 
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primary or secondary amino groups and a functional group of the formula 

-CH 2 -CH(OH)-CH 2 X 

s 

in which X is CI or Br, to form a polyurethane-urea-polyamine, and mixing that product with an aqueous acid to form 
a polyurethane emulsion. 

It is desired to develop emulsions of polyurethanes into which functional groups effective for reaction with the 
above crosslinking agents has been introduced. The present invention is intended to provide such polyurethane emul- 
10 sion compositions. 

The compositions produced according to the present invention are emulsions of polyurethanes having active amino 
groups and are obtained by the process described below. 

In accordance with the invention there is provided a process for preparing polyurethane emulsion comprising 

is emulsifying and dispersing in water a urethane prepolymer having 0.3 to 3% by weight terminal isocyanate groups, 
the prepolymer having been obtained by reacting a compound having two or more active hydrogen atoms and an 
organic polyisocyanate selected from alicyclic polyisocyanates, polyisocyanates having tertiary isocyanate groups 
and mixtures thereof, and 

reacting the urethane prepolymer at a temperature of 5 to 40 a C with a polyamine having at least two primary amino 
^0 groups and at least one secondary amino group such that the molar ratio of terminal isocyanate groups in the 
urethane prepolymer to primary amino groups in the polyamine is from 1/1 to 1/0.7. 

The polyurethane emulsion compositions obtained by this method have a polyurethane skeleton into which the 
secondary amino group has been introduced as an active amino group (the primary amino group having also been 
25 introduced into the polyurethane skeleton in some cases). This enables crosslinking at low temperature when an epoxy 
crosslinking agent is used. As a result, the physical properties of the polyurethane emulsion compositions are signifi- 
cantly improved. Moreover, the resulting compositions enjoy advantageous processing conditions since their properties 
can be modified by crosslinking at low temperatures. 

In the following description, emulsion compositions having active amino groups according to the invention will be 
30 explained in more detail. 

First, the urethane prepolymer having terminal isocyanate groups which is used in the production of the emulsion 
compositions according to the invention, is obtained by allowing a compound having two or more active hydrogen 
atoms to react with an excess of organic polyisocyanate in the presence or absence of a solvent. 

The compound having two or more active hydrogens may be one having, in its molecule or at its terminals, two or 
35 more hydroxyl, carboxyl, amino or mercapto groups. Such compounds include the well-known polyethers, polyesters, 
polyether esters, polythioethers, polyacetals, polybutadienes and polysiloxanes. In particular, polyethers and polyes- 
ters both having two or more terminal hydroxyl groups are preferred. A preferred range of molecular weights for these 
compounds having two or more active hydrogens is from 50 to 5,000. 

If necessary, a chain-lengthening agent may be mixed with the compound having two or more active hydrogen 
40 atoms. Specific examples of such chain-lengthening agents include 1 ,4-butanediol, 1 ,6-hexanediol, 3-methyl-t ,5-pen- 
tanediol, ethylene glycol, butanediol, neopentyl glycol, diethylene glycol, trimethyio! propane and cyclohexanedimeth- 
anol. 

In consideration of the reaction between the urethane prepolymer and the polyamine compound after the prepol- 
ymer has been emulsified and dispersed in water, of maintenance of the emulsified and dispersed state, and of storage 

45 stability, it is particularly important to select the organic polyisocyanate from alicyclic polyisocyanates including dicy- 
clohexylmethane diisocyanate, isophorone diisocyanate and hydrogenated xylylene diisocyanate and from organic 
polyisocyanates having tertiary isocyanate groups such as tetramethylxylylene diisocyanate. 

The reaction between the compound having two or more active hydrogen atoms and an excess of the organic 
polyisocyanate is effected by the well-known one-stage or multi-stage isocyanate polyaddition method at temperatures 

so ranging from 50 to 1 20°C. 

In the above method, when necessary, a reaction control agent such as phosphoric acid, adipic acid or benzoyl 
chloride, or a reaction catalyst such as dibutyltin dilaurate, stannous octanoate or triethylamine may be added to the 
system. Furthermore, an organic solvent which does not react with isocyanate group may be added during the reaction 
or after completion of the reaction. 

55 Such an organic solvent may be acetone, methyl ethyl ketone, tetrahydrofuran, dioxane, ethyl acetate, toluene or 
xylene. In view of the facts that the polyurethane emulsion compositions according to the invention are water-based 
emulsions, and that the solvent must be recovered, it is desirable to use acetone, methyl ethyl ketone or ethyl acetate 
as the solvent. When the emulsification and dispersion of the urethane prepolymer in water, is also taken into consid* 
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thf SH" !* L S T r8 , d ! Slrab,e t0 USe a ° et0n 0r meth y | eth y' kGtone - Moreov ^ when the control of the reaction between 
t^ 

to us etnyi acetat . Selection of such a solvent may be made on a case-by-case basis 

De aaaed to th system during the reaction or after completion of the reaction 

The content of terminal isocyanate groups in the urethane polymer obtained is from 3 0 to 0 3 % by weioht oar- 

IZ ?! , mS ° f thS r9aCti0n With polyamine and 9 e,a,ion *»' ^ur, or the product stability 
olr^ , V * bS ,nadec ' uate - » the content of terminal isocyanate groups is less than 0 3 % by weight the 
quant.ty of active am.no groups to be introduced by the reaction wrth polyamine wili be small Hence the desired eifec! 
of^slmkmg mediation wfth the above melamine. epoxy or backed isocyanate crosslinking agent wZ^be ^ 

lowing™ ml^T^T ° b ^ ined 33 d6SCribed 3b0Ve iS disperssd in wa,er and emulsifi « d Any one of the fol- 
lowing three methods may be used prior to dispersion in water: 

ml«r! h ! fhT ? preparin9 K the 3b0Ve Ufe,hane prepo, V™r, carboxyl groups are introduced, in advance, into the 

and a TT ' ^ ^P™"' haVi " 9 Carb0Xy ' 9r ° UpS SUCh aS dime,hytol P^*«I 
^ C | POly,80 ^T e , Then ,he carbox y' 9™P ^ neutralized wrth a basic compound such as triethyl- 

- ^£Z2S£XT" m0n ° e,hybmine ' *"»" a ' ha "° la ^ -stic soda or caustic potash to con- 

mi^VnT ° f TJ5 ,h o 6 ab ° Ve Ufethane pre P° , y me ^ an oxyethylene chain is included in advance in the 
vSe f™ ?i IT J? h ° 2 °!° ^ Wei9ht Th8n 3 n0ni ° niC SUrfaC,ant havina a hydrophilic-fipophilic balance 
neen lZ»r£ , " S ? 10 m ' Xed With ,hS Ufe,hane prepo ^ mer at 50 ° C or ,ess a** the prepolymer has 
SZZSI? ^ C ° n f s ; dora,lon of the emulsification and dispersion properties of the product and the water re- 

preSymer ) ^ * " Pfe,erab,y ^ 2 * 15 % by ^ ^ t0 the ure,hane 

l S^^ST^ ° f ab °rr thane PreP °' ymer ' the Prep °^ mer is made 10 react wrth a wat " solution 
2 ST .^?r«ff ^ Um S3lt °' f0f eXample amino «thanesulfonic acid or aminoacetic acid, corresponding 

anrt t™! 0 ,? 6 ° f ? ° Ve procedures < 1 >- ( 2 ) and ( 3 ) is c ^Pl a ted, water is added to the urethane prepolymer 
DurinTth^ v h SPe I S ' " 9 aPPara,US SUCh 38 h0m ° miXer 0r * u«d to effect emulsLtion. 

35 frnrn ^ H^vv*^^ ^"^^ keep the emulsification and dispersion temperature low, from 5 to 40°C, preferably 

~ ^ Pr f rab,y ^ 5 ,0 2 °' C 50 38 ,0 SUppreSS ,he reaction betwee " the »™' senate 

groups of the urethane prepolymer and water. 

am £< d8S " ibed above ' the emu,8ion compositions of polyurethanes having active amino groups are obtained by 
emu srfymg the urethane prepolymer in water, and allowing the terminal isocyanate groups of the urethane prepoVmer 

40 faction reaCt ^ ° ther in emU ' SifieCl 8nd diSpefSed SyStem in 3 polyamine chain lengthening 

The polyamine to be added as described above may be a polyamine having, in the same molecule, at least two 
primary ammo groups and at least one secondary amino group, for instance, diethylenetriamine and triethylenete- 
tramine. The quantity of polyamine is determined so that the molar ratio of the terminal isocyanate groups of the ure- 
thane prepofymer to the primary amino groups of the polyamine is from 1/1 to 1/0.7. If the mole ratio is smaller than 
1/1 then an effective increase in molecular weight will tend to be inhibited. If the mole ratio is greater than 1 0/0 7 then 
the quantity of the active amino groups introduced will be decreased. When the resulting emulsion compositions are 
used with a vanety of crosslinking agents, the exhibition of improved physical properties due to crosslinking will be 
small, f the mole ratio is greater than 1.0/0.7, increased viscosity and gelation of the emulsion composition will occur 
in the polyamine chain-lengthening reaction in the emulsified and dispersed system, an emulsifying and dispersing 
apparatus such as homomixer or homogenizer is used to make sure the reaction proceeds homogeneously. To avoid 
gelation which may be caused by breakdown of emulsification due to too rapid reaction or localized reaction and in 
view of product stability and reactant stability, the reaction is carried out at temperatures from 5 to 40»C, preferably 

J? ' 8nd m ° re preferabl V from 5 10 20 °C The polyamine chain-lengthening reaction normally takes from 
10 to 60 minutes. 

ss In the polyamine chain-lengthening reaction, the primary amino groups in the polyamine have a greater velocity 

of reaction than th isocyanate group and selectively participate in the chain-lengthening reaction. As a result the 
position of the secondary amino group in the polyamine molecule is introduced into the polyurethane skeleton structure 
To promote the reaction b tween the isocyanate groups of the urethane prepolymer and the polyamine, and to suppress 
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the side r action between water and the isocyanate groups, phosphoric acid, hydrochloric acid or benzoyl chloride 
may be added. 

If an organic solv nt is included in the emulsified and dispersed system finally obtained, then the organic solvent 
may be distilled away under reduced pressure at temperature from 30 to 70°C to obtain the polyurethane emulsion 

5 composition according to the invention. 

Regarding the method of producing the emulsion compositions according to the invention, the organic polyisocy- 
anate to be used in the stage of preparing the urethane prepolymer is, as mentioned above, an aiicyclic polyisocyanate 
or an organic polyisocyanate having tertiary isocyanate groups. This is advantageous for the subsequent emulsification 
and dispersion of the urethane prepolymer in water, the suppression of side reactions between the isocyanate groups 

10 of the prepolymer and water, the reaction with polyamine in the emulsified and dispersed system, and the subsequent 
maintenance and storage stability of the emulsified and dispersed system. 

in the method of producing the emulsion compositions according to the invention, the polyamine having at least 
two primary amino groups and at least one secondary amino group is added to the urethane prepolymer after emulsi- 
fication and dispersion. Then the primary amino groups of the polyamine selectively participate in a chain-lengthening 

15 reaction with the isocyanate group of the prepolymer. As a result, there is obtained an emulsion composition of the 
polyurethane having active amino groups, in which the secondary amino groups have been introduced into the poly- 
urethane skeleton. 

The polyurethane emulsion compositions according to the invention have, like conventional polyurethane emul- 
sions, high molecular weights. Hence they form polyurethane films when merely dried and exhibit excellent physical 

20 properties including good water resistance, solvent resistance and chemical resistance. 

The polyurethane emulsion compositions of the invention have active amino groups introduced into the poly- 
urethane skeleton. When they are used with a melamine, epoxy or blocked-isocyanate cross-linking agent, the active 
amino groups will readily undergo cross-linking with the cross-linking agent, In particular, when an epoxy cross-linking 
agent is used, the active amino group and the epoxy group of the cross-linking agent will cross-link when the system 

25 is dried in air. The cross-linking reaction between the active amino group and the cross-linking agent results in a 
polyurethane emulsion composition having physical properties which are improved over those of conventional poly- 
urethane emulsions. 

The polyurethane emulsion compositions of the invention have the following significant benefits. Since the poly- 
urethane emulsion compositions have active amino groups in the polyurethane skeleton, the compositions will undergo 
^o crosslinking reaction with known cross-linking agents such as epoxy cross-linking agents upon being dried at room 
temperature. The resulting polyurethane will exhibit significantly improved physical properties including strength, hot 
water resistance and solvent resistance relative to those of the conventional polyurethane emulsions. 

Moreover, since the polyurethane emulsion compositions readily cross-link, significant improvements in physical 
properties are exhibited even when the processing temperature is low and/or when the processing speed is high and 
35 the processing time is short. Furthermore, since the compositions can be processed at low temperatures, they may 
be applied to adherents of low heat resistance. In short, the polyurethane emulsion compositions have wide ranges of 
processing conditions and adherents and are extremely beneficial. 

The polyurethane emulsion compositions of the invention may be used in a wide range of applications such as 
impregnation and coating of fibers, knit fabrics, woven fabrics, non woven fabrics, wood, paper, leather, metal and 
40 plastics, and as adhesive and vehicle for paint and ink. 

Since the polyurethane emulsion compositions of the invention are highly compatible, because of their ionic nature, 
with other water-based resin emulsions such as resin emulsions of vinyl acetate, ethylenevinylacetate copolymer and 
acrylic ester, and with rubber latexes of natural rubber, SBR and NBR, the compositions may be used as a modifier 
for the above resin emulsions and rubber latexes. 
45 The following Examples illustrate the invention. In the Examples, "part" and n % n part by weight and % by weight 
except where indicated otherwise. 

Example 1 

50 350 parts of polyester polyol (butylene adipate; molecular weight: 2,000), 10.1 parts of trimethylol propane, 35 
parts of polyethylene glycol (molecular weight: 600), 35 parts of PO(propyleneoxide)/EO{ethyleneoxide) random co- 
polymer polyether polyol (PO/EO = 30/70; molecular weight: 3,400), and 78.3 parts of 1 ,4-butanediol were added to 
and dissolved in 400 parts of methyl ethyl ketone. Then 310 parts of isophorone diisocyanate were added at a tem- 
perature of 50°C. Then 0.05 part of dibutyltin dilaurate was added and the system was gradually heated to 75°C. The 

55 system was then allowed to react at 75°C for 60 minutes. Then 0.05 part of dibutyltin dilaurate was added, the reaction 
was allowed to continue at 75°C for 200 minutes and then the system was cooled to 50°C. The free isocyanate content 
of the urethane prepolymer after cooling to 50 D C was 2.0 % (relative to the solids content). Next, at 45°C, 80 parts of 
poly(oxyethylene) arylphenol ether type nonionic surfactant (HLB = 15), which is an ethylene oxide adduct of distyrene 
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minutes. Then the system was cooled to 50°C. As a result, urethane prepolymer having 1 .99% free isocyanate groups 
(relative to the solids content) and carboxyl groups was obtained. 

Next, 9.9 parts of triethylamine were added to the system at 50 a C to neutralize the remaining carboxyl groups. 
Then, 900 parts of distilled water were gradually added and the system was stirred at 3,000 r.p.m. with a homomixer 
to emulsify the system at 25°C for 20 minutes. 

Next, a water solution of diethylenetriamine was added at 25°C. That solution was prepared by dissolving 13.3 
parts of diethylene triamine in 80 parts of distilled water. The system was stirred at 25°C for 60 minutes. Next, methyl 
ethyl ketone solvent was recovered at reduced pressure (water bath temperature: 40°C) by means of an evaporator. 
An emulsion composition of polyurethane having active amino groups according to the invention was obtained. 

The emulsion composition thus obtained was analyzed; the results are shown in Table 3. The content of amino 
groups was determined by a method similar to that of Example 1 . 



Comparative Examples 1 to 3 

Urethane prepolymers were prepared and emulsified by procedures identical to those of Examples 1 to 3. Then, 
in place of diethylenetriamine, the same numbers of moles of ethylenediamine were added to the systems, respectively. 
The systems were stirred and mixed in the same manner as Examples 1 to 3, and the solvent was recovered to obtain 
polyurethane emulsions of the prior art (Comparative Examples 1 to 3). These polyurethane emulsions were analyzed. 
The results are shown in Table 4. The amino group content was measured in the same way as Example 1 . 

Comparative Example 4 

A urethane prepolymer was prepared and emulsified in the same manner as Example 1 . After that, a water solution 
of diethylenetriamine was added so that the mole ratio of the terminal NCO groups of the urethane prepolymer to the 
amino groups (both primary and secondary) of diethylenetriamine was 1 .0/0.9, and the system was stirred in the same 
way as Example 1 . Then the solvent was recovered to obtain a polyurethane emulsion of the prior art (Comparative 
Example 4). This polyurethane emulsion was analyzed. The results are shown in Table 4. The amino group content 
was measured in the same manner as Example 1 . 



Table 3 



Example 3 



Solids content 

Am. V equivalent to active amino groups 
Am. V equivalent to neutralizing triethylamine 
Appearance 



32 % by weight 

3.30 
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In Examples 1 to 3, the polyamines added to the urethane polymer after emulsification and dispersion have at 
least two primary amino groups and at least one secondary amino group. The polyamine is added so that the mole 
ratio of the terminal NCO groups of the urethane prepolymer to the primary amino groups of the polyamine is within a 
55 range from 1 .0/1 .0 to t .0/07. 

With this arrangement, the reaction between the primary amino group and the isocyanate group takes precedence 
over other reactions because of the difference between the reaction velocity of the primary amino group and the iso- 
cyanate group and that of the secondary amino group and the isocyanate group. As a result, the secondary amino 
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group of the polyamine will be left intact and be introduc d into the polyur thane skeleton. Thus the polyurethane 
emulsion composition obtained will have active amino groups. 

On the other hand, Comparative Examples 1 to 4 produce conventional polyurethane emulsions having no active 
amino groups. The reason is that the terminal NCO groups of the urethane prepolymer and all the amino groups 
5 (primary and secondary) of the polyamine are involved in the reaction to produce higher molecular weights. 

Experiments 1 to 3 

The polyurethane emulsion compositions of Examples 1 to 3 were mixed with a water-soluble epoxy crosslinking 
10 agent (triglycidyl ether of glycerin) so that the mole ratio of active amino groups to epoxy groups was 1 /1 . The mixtures 
were coated on Teflon® plates. They were air-dried and heat-treated at 100°C for 20 minutes. The physical properties 
of the films obtained (film thickness: 200 u/n) were measured. The results for the films after air drying are shown in 
Table 5 and those after heat treatment are shown in Table 6. 

in the column headed 'addition of water-soluble epoxy crosslinking agent" in Tables 5 and 6, "added" indicates 
is the addition of a water-soluble epoxy crosslinking agent and "-■ indicates no addition of the water-soluble epoxy 
crosslinking agent. 

Of the physical properties shown in Tables 5 and 6, strength, elongation and 100 % modulus (100 % MO) were 
measured in accordance with JIS-K-6301 with a tensile tester (Shimazu Seisakusho trade name "autograph") , at a 
stretching rate of 100 mm/min. Solvent resistance was measured by immersing a film specimen measuring 2 cm X 4 
20 cm in a solvent mixture of ethyl acetate/toluene = 1/1 (volume ratio). After immersion at 20*C for 24 hours, the swelling 
rate (in percentage) of the film surface area was measured. The swelling rate was determined by the following formula: 

Film swelling rate (%) = 

25 area after swelling - initial area Y inn 

initial area A1UU 

Hot water resistance was measured as the swelling rate (%) of a film specimen. A film specimen measuring 2 cm 
X 4 cm was immersed in hot water of 70°C for 24 hours. Then the swelling rate of the film surface area was determined 
by the above formula. 

Experiments 4 to 6 

Films (thickness: 200 jim) were prepared in the same manner as Experiments 1 to 3 except no water-soluble epoxy 
35 crosslinking agents were added. Then the physical properties of the films were measured. The results are shown in 
Table 5 and Table 6. 

Experiments 7 to 10 

40 The polyurethane emulsions of the prior art prepared in Comparative Examples 1 to 4 were mixed with a water- 
soluble epoxy crosslinking agent (triglycidyl ether of glycerin) so that the addition by weight (relative to the solids content 
of the polyurethane emulsion) was identical to that of Experiments 1 to 3. Films (film thickness: 200 um) were prepared 
in the same manner as Experiments 1 to 3 and their physical properties were measured. The results for the films after 
air drying are shown in Table 5 and those after heat treatment are shown in Table 6. 

45 

Experiments 11 to 14 

Films (thickness: 200 jim) were prepared in the same manner as Experiments 7 to 10 except no water-soluble 
epoxy crosslinking agents were added. Then the physical properties of the films were measured. The results are shown 
so in Table 5 and Table 6. 
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The results shown in Table 5 and Tabl 6 demonstrat that the emulsion compositions of polyurethanes having 
active amino groups of Examples 1 to 3 clearly showed improvements, when an epoxy crosslinking agent was used, 
in strength and other physical properties, hot water resistance and solvent resistance after mere air drying. This is 
attributed to the active amino groups of the polyurethane crosslinking with the epoxy group of the crosslinking agent 
at room temperature or at higher temperatures. In contrast, the prior art polyurethane emulsions of Comparative Ex- 
amples 1 to 4 hardly showed improvements or changes in their physical properties after air drying even when an epoxy 
crosslinking agent was used. They showed some improvements in physical properties after heat treatment at 100°C. 
This is attributed to the physical properties being entirely dependent on self-polymerization of the epoxy crosslinking 
agent 

The modification achieved by both the emulsion compositions of polyurethanes having active amino groups of 
Examples 1 to 3 and the epoxy crosslinking agents resulted from the crosslinking between them and thus from their 
integration. On the other hand, the modification achieved by both the prior art polyurethane emulsions and the epoxy 
crosslinking agents was through the entanglement of self-polymerizing chains of the epoxy crosslinking agent and was 
fundamentally different. 



Claims 

1 . A process for preparing a polyurethane emulsion comprising 

emulsifying and dispersing in water a urethane prepolymer having 0.3 to 3% by weight terminal isocyanate 
groups, the prepolymer having been obtained by reacting a compound having two or more active hydrogen 
atoms and an organic polyisocyanate selected from alicyclic polyisocyanates, polyisocyanates having tertiary 
isocyanate groups and mixtures thereof, and 

reacting the urethane prepolymer at a temperature of 5 to 40° C with a polyamine having at least two primary 
amino groups and at least one secondary amino group such that the molar ratio of terminal isocyanate groups 
in the urethane prepolymer to primary amino groups in the polyamine is from 1/1 to 1/0.7. 

2. A process according to claim 1 , wherein the compound having two or more active hydrogen atoms has a molecular 
weight from 500 to 5,000. 



Patentanspruche 

1 . Verfahren zur Herstellung einer Polyurethanemulsion, umfassend 

Emulgieren und Dispergieren in Wasser eines Urethanprepolymeren mit 0,3 bis 3 Gew.-% endstandiger Iso- 
cyanatgruppen, wobei das Prepolymer durch Umsetzen einer Verbindung mit zwei Oder mehreren aktiven 
Wasserstoffatomen und eines organischen Polyisocyanats, gewahlt aus alicyclischen Polyisocyanaten, Poly- 
isocyanaten mit tertlaren Isocyanatgruppen und Mischungen hiervon, erhalten worden ist, und 
Umsetzen des Urethanprepolymeren bei einer Temperatur von 5 bis 40°C mit einem Polyamin mit mindestens 
zwei primaren Aminogruppen und mindestens einer sekundaren Aminogruppe, so dal3 das Molverhaltnis von 
endstandigen Isocyanatgruppen in dem Urethanprepolymer zu primaren Aminogruppen in dem Polyamin 1/1 
bis 1/0,7 betragt. 

2. Verfahren nach Anspruch 1 , wobei die Verbindung mit zwei Oder mehreren aktiven Wasserstoffatomen ein Mole- 
kuiargewicht von 500 bis 5.000 aufweist. 



Revindications 

1 . Procecte de preparation d'une emulsion de polyurethane comprenant les etapes consistant 

- a emulsifier et a disperser dans de I'eau un prepolymere d f ur6thane contenant de 0,3 a 3 % en poids de 
groupes terminaux isocyanate, le prepolymere ayant ete obtenu par reaction d'un compost comportant deux 
ou plus de deux atomes d'hydrogene actif avec un polyisocyanate organique choisi parmi les polyisocyanates 
alicycliques, les polyisocyanates comportant des groupes isocyanate tertiaires et des melanges de ceux-ci, et 

- a faire reagir le prepolymere d'urethane a une temperature aliant de 5 a 40 °C avec une polyamine comportant 
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au moins deux fonctions amine primaire et au moins une fonction amine secondaire, de telle sorte que le 
rapport moiaire des groupes terminaux isocyanate dans le prepolymere d'ur&hane aux fonctions amine pri- 
maire dans la polyamine est compris dans un intervalle allant de 1/1 a 1/0,7. 

Proc6d6 conforme a la revendication 1, dans lequel le compose^ comportant deux ou plus de deux atomes d'hy- 
drogene actif a une masse moteculaire comprise dans un intervalle allant de 500 a 5 000, 
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